D
espite use of the best available biophysical information and the investment of considerable time and effort, many conservation initiatives have been ineffective in motivating and guiding communities to implement the desired actions. As a result, these efforts fail to achieve their objectives (Wilson et al. 2007; Knight et al. 2008) . Conservation planning is the development of spatial plans and the implementation and continued application of conservation actions (eg protection of sensitive or biodiverse areas, management of invasive species, restoration of degraded landscapes) in specific areas, usually at a regional scale (eg encompassing a network of sites where conservation actions are undertaken, within or among ecoregions; Margules and Pressey 2000) . Such planning is intended to reduce biodiversity declines in a transparent and socially responsible manner by explicitly stating overall goals and specific objectives, and then providing options for achieving them, despite limited financial resources (Margules and Pressey 2000; Pressey and Bottrill 2009) . However, when such planning fails to characterize the inevitable hard choices and trade-offs involved in applying conservation actions, failures in implementation often result. Insufficient consideration of social processes (the dynamic interactions between individuals, institutions, social organizations, and cultural norms) in the social-ecological systems (SESs) in which the planning has occurred contributes substantially to this failure. Examples of contributing factors that lead to failures to implement conservation include poor understanding of the socioeconomic constraints and opportunities that shape implementation (Cowling and Wilhelm-Rechman 2007; Knight and Cowling 2007) , outside agendas that conflict with local needs (Chan et al. 2007; Smith et al. 2009) , and insufficient training and incentives for researchers to turn regional conservation designs into actions on the ground Arlettaz et al. 2010) .
Conservation biologists have been reluctant to engage in the messy and complex social and political aspects of implementation (Sayer et al. 2008) , perhaps because conservation planning emerged from the natural sciences and remains predominantly rooted therein (Knight et al. 2006 ). Yet such planning -which explicitly values biodiversity -is part of a social process. It is also negatively affected by differences in power between those who make decisions about biodiversity management and those who are affected by its outcomes . Furthermore, conservation planning is extremely compli-
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A social-ecological approach to conservation planning: embedding social considerations Many conservation plans remain unimplemented, in part because of insufficient consideration of the social processes that influence conservation decisions. Complementing social considerations with an integrated understanding of the ecology of a region can result in a more complete conservation approach. We suggest that linking conservation planning to a social-ecological systems (SES) framework can lead to a more thorough understanding of human-environment interactions and more effective integration of social considerations. By characterizing SES as a set of subsystems, and their interactions with each other and with external factors, the SES framework can improve our understanding of the linkages between social and ecological influences on the environment. Using this framework can help to identify socially and ecologically focused conservation actions that will benefit ecosystems and human communities, and assist in the development of more consistent evidence for evaluating conservation actions by comparing conservation case studies. In a nutshell:
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• Effective conservation planning must include both social and ecological considerations • The social-ecological systems (SES) framework described here provides a basis for comparing conservation case studies • An SES approach helps to explicitly consider trade-offs between ecological and social components of a system, allowing compromises to be identified • A suite of methods and tools borrowed from the social sciences can help conservation planners understand and navigate the social complexities that underlie conservation decisions cated because it presents many problems for which the "solutions" generally lead to the emergence of additional issues (Rittel and Webber 1973) . Accordingly, while conservation plans cannot be expected to routinely produce win-win solutions, they could yield outcomes that are acceptable to the various sectors involved (White et al. 2012) , and that are better able to guide day-to-day conservation decisions. Considering trade-offs in terms of both the social and ecological implications of conservation actions can allow thoughtful and constructive compromises to emerge. In this review, we discuss various ways in which social considerations have been included in conservation planning to date and offer some improvements. We suggest that linking conservation planning with an interdisciplinary SES framework (Ostrom 2009 (Ostrom , 2010 ; hereafter referred to as "Ostrom's SES framework") is a way to effectively embed social considerations therein by broadening the predominantly ecological context to a social-ecological one.
n Rationale for including social considerations in
conservation planning
The rationale for integrating social considerations into conservation planning -from the perspective of planners -is that the actions that emerge are more likely to achieve their goals and to be more sustainable. Tailoring plans to the attitudes, preferences, and behaviors of stakeholders, how these change, and the process of engaging stakeholders transparently (eg engaging them throughout the planning process and providing them with all available information so that they can make informed decisions) should improve the plans overall and increase compliance with any associated recommendations ). Explicitly including social considerations also creates the opportunity for planning processes to become more realistic and inclusive, clarifying the hard choices and complex trade-offs between and within conservation and other objectives (eg livelihoods and equity; Hirsch et al. 2010; McShane et al. 2011) . Although an ethical imperative to include social considerations may not always be evident, because conservation is motivated by biodiversity values, conservation planners have an ethical responsibility to respect the right of local communities to be an integral part of the planning process.
n Social considerations in conservation planning to date A number of approaches have been suggested for expanding the inclusion of social considerations in conservation planning. Knight et al. (2006) outlined an operational model for this that emphasized the need for implementation strategies and the importance of including stakeholders throughout the process, to reflect local knowledge when gathering information about the region under consideration. Similarly, the stages involved in systematic conservation planning have been increased from the initial ecology-centric approach articulated by Margules and Pressey (2000) to include five new stages (Pressey and Bottrill 2009), most of which concern the social, economic, and political context in which the conservation initiative will take place (WebFigure 1). While current conservation planning frameworks (Knight et al. 2006; Pressey and Bottrill 2009) include some social considerations, they do not yet provide a truly integrative approach that recognizes substantial social processes and social-ecological linkages.
Practical developments that have occurred as a result of calls to improve the integration of social considerations into conservation planning fall into two categories, both of which are linked to the assessment part of conservation planning: (1) use of spatial data pertaining to existing resource use, and (2) the addition of social assessments, including identification of areas where conservation is more likely to succeed (ie "conservation opportunities").
Spatial data on human uses
Spatial data on how people use resources are increasingly incorporated into conservation assessments and are usually represented as threats to biodiversity or as costs associated with conservation actions. For instance, when human activities represent a threat to biodiversity (eg land clearing), planners either avoid highly threatened areas (eg areas slated for land clearing) to minimize conflict (when other, less sensitive areas exist that have the same biodiversity values) or give priority to areas of high biodiversity value that are under threat to protect them before land clearing occurs (where there are no viable alternatives) (Pressey and Taffs 2001). Planners deal with costs in similar ways, where the "costs" relate to acquisition (eg land value; Ando et al. 1998; Carwardine et al. 2010) , management, damage to economic activities arising from conservation programs, and loss of extractive opportunities (for a review of terrestrial and marine systems, respectively, see Naidoo et al. 2006; Ban and Klein 2009 ). The term "costs" is also used more generically, to refer to liabilities related to past or present human uses. Although there is scope for improving the representation of costs in conservation planning, once the costs of a planning process are defined, planners commonly use decision support tools (such as Marxan) to minimize costs while achieving conservation objectives. For example, the rezoning of the Great Barrier Reef in Australia aimed to incorporate at least 20% of the total area of each bioregion while reducing human impacts (Fernandes et al. 2005) .
Social assessments
Social assessments (also termed situation analyses, social analyses, or stakeholder assessments) are a common component of conservation planning. These assessments contextualize aspects of the social systems that exist in the planning region, describing the social, cultural, economic, www.frontiersinecology.org © The Ecological Society of America and political conditions in the area (Knight et al. 2006; Conservation Measures Partnership 2007; Cowling and Wilhelm-Rechman 2007 ; Figure 2 , stages 1-3, 5). Some social assessments focus on the local opportunities for conservation that emerge where social factors align to create a willingness among community stakeholders to implement conservation actions; these may be community-led initiatives or may be linked to regional planning (Cowling and Wilhelm-Rechman 2007) . Game et al. (2011) provide an example of the latter approach, working with communities in the Solomon Islands to identify protected areas through several rounds of meetings between community members and conservation planners, thereby combining the priorities of the communities with a systematic assessment of areas characterized by a high level of biodiversity.
Limitations of current approaches
To date, the inclusion of social considerations in conservation planning has been limited in several ways. First, although social data (eg opportunity costs) have increasingly been included in conservation assessments, the approaches used have not been consistent (Timko and Satterfield 2008) . Gaining an understanding of what kinds of social factors matter, why they matter, and how this information should be collected, integrated, and interpreted has proved challenging. Second, incorporating social data into conservation assessments requires these data to be simplified and mapped, when in fact some social or cultural priorities may be distinctly aspatial and/or that information was not articulated in spatial terms initially. For example, many ethnographic insights into the underlying tensions that influence compliance (Fabinyi 2010) were not intended to be mapped and so lack spatial representation, making it difficult to include them in conservation assessments. Third, the process and products of systematic conservation planning tend to be static, prescriptive, and often technical, which limits the scope for including dynamics, values, and trade-offs among different objectives when these considerations are not articulated in prescriptive and technical (usually "measurable") terms. Fourth, limited guidance exists on how to move from recognition of the need to address social aspects of resource use in conservation planning to actually incorporating these into planning. Despite these limitations, the advantage of the systematic conservation planning framework (Margules and Pressey 2000) is that it is transparent and has been widely used. It can serve as a starting point to infuse a more comprehensive view of social considerations and trade-offs into conservation (see also Satterfield et al. 2013) .
n Insights from the social sciences
Critical perspectives
Given that critical analysis is central to many of the social sciences, these disciplines offer fertile territory for a detailed scrutiny of conservation practices. For example, there have been in-depth criticisms of various aspects of conservation (eg exclusion or eviction of local peoples) and community-level conflicts (Agrawal and Gibson 1999; Brosius 1999; Brechin et al. 2003) . Such criticisms should persuade conservation planners to take into account alternative viewpoints (eg whether biodiversity matters in its own right, or whether meeting basic human needs should be a priority) and to bear in mind how a wide spectrum of different values can influence choices; such considerations help to clarify some of the motives underlying human behavior. However, there is understandable wariness among conservation planners of such critical perspectives. The exhaustive analysis of social systems, such as in anthropological studies, could in principle greatly enhance the appropriateness, and effectiveness, and subsequent implementation of conservation plans (Harper 2002) . The challenge remains: to increase engagement and communication between natural and social scientists so as to improve conservation in practice (Igoe 2011; Redford 2011) , in part by providing a common language and framework for various fields to contribute to a fuller understanding of the drivers and impacts of conservation initiatives (Ostrom 2009 ).
Interactions between people and the environment
Insights and techniques borrowed from the social sciences have the potential to create more realistic expectations regarding the outcomes of conservation initiatives and to enhance the effectiveness, efficiency, and sustainability of these initiatives by providing a better understanding of the complex linkages between people and the environment at multiple scales (Figure 1 ). These linkages have been investigated by several communities of scholars, including political and human ecologists, ecological anthropologists, and economists. The study of SESs draws insights from all of these fields, and others as well (Berkes et al. 2003) . A deeper understanding of SES dynamics can highlight multiple issues that are relevant to conservation. For example, SES studies can help explain the benefits and drawbacks of multiple knowledge systems (eg different ways of viewing the world), informal institutions (eg the rules that people abide by, including social norms), and cross-scale networks. Most importantly, an SES view emphasizes the unpredictable, dynamic, and evolved nature of linked social and ecological systems (Berkes et al. 2003 ).
Ostrom's SES framework was developed to provide an understanding of the governance processes that lead to improvements in or deterioration of renewable natural resources (Ostrom 2009 ). The framework grew out of a large body of interdisciplinary research about coordinated resource management successes and failures. It divides SESs into subsystems, based on the resource (eg forests, coastal areas, etc), resource units (eg trees, fish), governance systems (eg management of a forest or a coastal area), and actors (ie stakeholders, such as hikers, loggers, and fishers). These four subsystems interact with each other and with the overarching social, economic, and political settings and related ecosystems (ie interactions and outcomes, with variables like harvesting levels, deliberative processes, activities carried out by communities, and social and ecological performance measures), leading to resource management outcomes (Ostrom 2009 ). While the framework emerged mainly from studies at local scales, it is just as applicable at regional and even global scales. Other frameworks (principally ones that are not connected with conservation) that have similarly linked social and ecological components include the following: "pressure-state-impacts-response" (Turner 2000) , "sustainable rural livelihoods" (Scoones 1998) , "disaster resilience of place" (Cutter et al. 2008) , and "pressure and release" (Blaikie et al. 1994) . However, we contend that the SES framework, as presented by Ostrom (2009) , is the most appropriate for use in conservation planning because it encompasses a comprehensive group of social and ecological factors, all of which are applicable to conservation.
n Linking the process of conservation planning with the SES framework Integrating SES frameworks into conservation generally, and Ostrom's SES framework (Ostrom 2009 ) specifically, can serve to include nuanced local and regional social considerations into conservation planning. This integration can be achieved by providing practitioners and academics from different disciplines with a common vocabulary and a logical structure for classifying factors deemed as important influences in developing and implementing a conservation plan. In particular, linking the stages of systematic conservation planning (Pressey and Bottrill 2009) to Ostrom's SES framework (Ostrom 2009 ; Figure 2 ; see WebFigures 1 and 2 for more detail) allows planners to think beyond the usual concerns. For example, at present, conservation planners do not routinely consider existing or potential governance systems, even though this might aid conservation. By understanding governance variables (ie the attributes that constitute a governance system, such as rule-making organizations, social norms that determine informal procedures for management, collaborations between different agencies or sectors, legal systems, current rules, and policy tools), planners can expand their approach and/or conservation actions to consider some or all of these factors. Thinking about such variables will also highlight the importance of multiple scales (eg the dynamics of government agencies and non-governmental groups at levels above and below the scale at which planning is occurring). Furthermore, one area where alternative theories, perspectives, and values can be integrated into conservation plans is within the "action situation" in Ostrom's SES framework (Ostrom 2010) . The action situation is a step in the planning process whereby proposed conservation actions and their likely outcomes can be evaluated in light of the stakeholders' opinions and beliefs. In this way, Ostrom's SES framework can provide a first In practice, designing a conservation plan that incorporates SES thinking might entail some or all of the following: (1) careful consideration of both the social and ecological elements of the target region and their interactions; (2) inclusion of social scientists familiar with SES ideas in the planning process; (3) building capacity within existing complementary local or regional institutions; (4) discussion among planners about which methods, tools, and data are appropriate to the planning context (WebTable 1); and (5) prioritizing data collection and analysis. Furthermore, mainstreaming key social concepts and methods into existing planning frameworks through policies and day-to-day activities can promote acceptance and longterm commitment of social considerations. Admittedly, linking the frameworks will take time, experimentation, and a commitment by planners. We therefore highlight two specific ways in which conservation planning and SES thinking can be linked: (1) Ostrom's SES framework can be used to guide comparative analyses of conservation case studies, thereby creating an evidence-base for conservation actions; and (2) social objectives and stakeholders' goals can be incorporated into conservation planning.
Comparative analysis of conservation case studies
The conservation community currently lacks a general understanding of which conservation actions work in different contexts (Sutherland et al. 2004) . Assessment of conservation cases under a common framework could help to develop an understanding of the relationships between social contexts and effective conservation actions. This in turn would help identify context-appropriate conservation actions, thereby improving the chances of successful conservation outcomes. A relatively modest allocation of funding to monitor progress could help to assess the social and ecological effectiveness of particular strategies (Neugarten et al. 2011) . Although conservation planners could carry out such an assessment as part of the planning process (ie assess which conservation actions are more likely to be effective, based on past experiences), academics could also play a role here. (Ostrom 2007 (Ostrom , 2009 (Ostrom , 2010 In an SES, conservation actions are immediately embedded in a complex web of social and ecological processes and interactions. Ostrom's SES framework could cue planners to potentially relevant variables, which would help determine how the various actors should be involved and what constitutes an appropriate conservation action. For instance, a particular form of protected area might require the involvement of stakeholders who have strong leadership roles, traditional knowledge, and social capital, as well as a need for a relatively well-developed governance system (Figure 3) . Where governance is limited, conservation actions might need to be altered, or may need to be coupled with or preceded by supporting actions that bolster local institutions and governance. These arrangements could then be incorporated into the planning process (eg in this example, stages 3 and 10 of Figure 2a) .
Figure 2. Linkages between frameworks for (a) systematic conservation planning (Pressey and Bottrill 2009) and (b) social-ecological systems (SES)
In work that led up to the SES framework, Ostrom (1990) identified eight principles (more recently reformulated to 11; Cox et al. 2010 ) that, in different combinations, are commonly found in institutions that successfully manage resources (see WebTable 2). These principles can be used as a starting point to investigate systems of conservation interest and identify appropriate and feasible conservation actions, potentially including sustainable use. Planners should seek conservation opportunities in situations where these principles are already in operation, if conservation actions in these areas are not yet sufficient. Furthermore, Ostrom's SES framework can be used as a diagnostic tool to identify additional design principles that relate to both social and ecological variables.
n Social goals, objectives, and ecosystem services Conservation planners are actively pursuing practical ways to integrate social considerations into conservation initiatives, including through social goals, objectives, and ecosystem services, potentially implemented through zoning. Social goals are general statements regarding desirable outcomes that might support conservation (eg "reduce local poverty"; Holland et al. 2009 ), but are not direct conservation goals (a direct conservation goal, in contrast, might be to protect biodiversity in perpetuity). Social objectives are specific and quantitative articulations of goals (eg "expand available schooling to 85% of the population under the age of 16"). Some social goals and objectives could serve to increase compliance with the rules governing conservation areas (eg a goal might be: "to ensure viable fisheries livelihoods"; the objective would be: "fishing-designated areas provide at least 90% of previous catch for each fishery").
SES thinking can help planners identify social objectives that may not be immediately obvious, such as building trust and forging links within the social network structure. Multiple objectives can be pursued through zoning -that is, geographically defining areas where different types of activities are allowed (eg marine spatial planning in the oceans; Ehler 2008; Klein et al. 2010) . Similarly, planners are starting to prioritize management actions to provide ecosystem services that benefit people and biodiversity (Chan et al. 2006; Cowling et al. 2008) , thereby linking conservation goals and social concerns. Incorporating multiple objectives is extremely difficult, however, and although decision support tools can be helpful, they are merely tools and cannot provide satisfying outcomes in and of themselves. Rather, they may provide options or potential scenarios that can be discussed during the planning phase.
n Benefits of linking conservation planning and SES thinking Linking SES thinking and conservation planning could highlight trade-offs among different objectives inherent in conservation decisions. Planners will always be faced with hard choices, but clearer trade-offs may compel them to modify biodiversity priorities or justify the inequalities they create. We therefore expect the emergence of a deeper understanding about how trade-offs are perceived and experienced from multiple perspectives (McShane et al. 2011 ). In the long run, this honesty and clarity may Salafsky et al. (2008) .
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© The Ecological Society of America yield more effective conservation initiatives. Furthermore, an additional benefit of integrating SES thinking into conservation planning is based on the former's emphasis on dynamics, interactions, and processes at multiple scales, whereas planning is all too often viewed as occurring in a static context.
n Methods and tools
Linking SES thinking and conservation planning requires analytical techniques that can provide insight into the social components and interactions of SES. Connecting the two frameworks also requires integration of different methods and tools into a coherent process. The social sciences offer many methods and tools for incorporating social considerations into conservation planning (eg Figure 4) , but most are rarely applied. We outline examples of some tools here, and touch on some key examples in WebPanel 1 and WebTable 1. We broadly categorize methods and tools by their value to three interlinked facets of the planning process: (1) describing and analyzing the SES in which planning is taking place; (2) eliciting input into the planning process; and (3) analyzing and selecting appropriate conservation actions. First, many methods from the social sciences can assist with describing and analyzing the SES in which planning is taking place. A starting point might be to investigate aspects of the social-ecological system that have been repeatedly found to be linked to successful resource management (ie design principles; WebTable 2). One example is the existence of clearly defined spatial and social boundaries. Another is the congruence between rules about extracting resources (appropriation rules), rules about labor, materials, and money for management (provision rules), and the local conditions (Ostrom 1990; Cox et al. 2010) . Questionnaires can be designed to establish levels of agreement and clarity regarding spatial and social boundaries. "The institutional analysis and development" framework (Ostrom 1990 ) helps in understand- ing existing institutional arrangements within a region; this in turn helps to avoid problems with coordination and conflict between existing and future rules governing resource use (Imperial 1999) . Second, methods from the social sciences can help to elicit input into the planning process, and finally, their methods and tools can help to select and analyze appropriate conservation actions. The design principles can again serve as a starting point; Ostrom (1990) identified critical aspects in resource governance (participation of stakeholders in rule-making, monitoring and sanctioning, and recognition of local autonomy). One example of this approach is through participation in the planning process, which can be garnered through collaborative mapping (Ban et al. 2008) . This design principle could also be used to select appropriate actions. Questionnaires can be designed to establish current and historic levels of participation in resource management, which can assist in predicting the likelihood of stakeholder compliance. Participatory approaches (eg through structured decision making) can be used to elicit values of stakeholders toward conservation, and thus can help to identify appropriate conservation options (Gregory et al. 2001 ; see also WebTable 1).
n Limitations of local and regional conservation planning Our review has focused on regional conservation planning, but global forces -such as international policies, the national economy, fluctuations in commodity prices, and water and food insecurity -strongly influence conservation endeavors at all scales. While these forces might be acknowledged, addressing them has been beyond the remit of conservation planning, and so they have remained a core challenge for conservation (not just conservation planning). Ostrom's SES framework can be a starting point for exploring these forces because in theory it can be used to investigate SES at all scales. Understanding these types of pressures also allows planners to avoid inadvertently reinforcing them or simply displacing their impacts to other areas of conservation importance. The future task of conservation planners might not only be to build resilient, adaptive, and culturally sensitive institutions for regional biodiversity protection, but also to broaden views and strategies so as to understand and begin to address global pressures.
n Conclusion A major shift in the planning community will be needed to integrate social-ecological thinking into conservation planning -one that places the same importance on social considerations as on ecological ones, and that seeks to integrate the two. We hope that this shift will begin with the integration of concepts that have emerged from the SES framework into conservation planning.
Ultimately, lessons from SES thinking and research and other insights from the social sciences can enhance conservation planning efforts, and potentially help secure a more certain future for conservation -and hence biodiversity -in a world of growing human needs and impacts.
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